This paper assesses the impacts of decoupled government transfers on production decisions of a sample of Kansas farms observed from 1996 to 2001. Our model allows for risk, risk attitudes and the intertemporal investment decisions. We also allow for different adjustments of the decision variables depending on the predominant economic conditions. The theoretical model is estimated using the threshold regression methods proposed by Hansen (1999). Threshold effects are allowed to characterize the behavior of output supply and quasi-fixed and variable input demand.. The econometric results support the existence of three regimes characterized by different economic behavior. Our analysis suggests that in a dynamic setting with risk and non-risk neutral economic agents, decoupled transfers can have a powerful influence on decisions taken by economic agents. The dynamics of the stock of capital cause this influence to grow over time.
Introduction
With the proliferation of decoupled instruments over the last two decades as a key element in agricultural policy formulation in developed countries, several studies seek to assess the impacts of these instruments on farmers' decisions. Published work in this area considers the three chief mechanisms through which policy measures can affect agricultural production.
The first group contains papers studying the partially decoupled area payments introduced in the European Union (EU) by the 1992 Common Agricultural Policy (CAP) reform, focusing on the static effects of policy under risk neutrality. In this scenario, policies will only impact on farmers' economic decisions as long as they alter relative market prices.
Papers within this group include Guyomard, Baudry and Carpentier (1996) , Moro and Sckokai (1999) and Serra et al. (2005) and have generally used a conventional theoretical framework approach that assumes perfect markets and risk neutral producers.
Price-neutral policies can also influence production in a static framework with risk averse economic agents, by means of altering price or revenue uncertainty and exogenous income. A more recent avenue of research on decoupling has explicitly allowed for risk and risk preferences (Sckokai and Moro, 2006; Serra et al., 2006) . This literature generally builds upon Sandmo's (1971) seminal paper that shows that lump sum transfers, by means of altering farm household wealth, can affect individuals' risk preferences and their economic decisions.
More incipient is the literature considering the dynamic effects of policy. Farm output is a function of different inputs including the level of capital, which depends on past decisions on investments. To the extent that lump sum transfers can alter investment demand, the effects of decoupled policies on production may play a more important role in a dynamic setting. The latter constitutes a third mechanism through which agricultural policy can affect economic decisions, i.e., through the dynamic investment response, which will have long-lasting impacts on production. Our paper will focus on assessing this dynamic response.
As detailed in the investment literature, in a world with perfect capital markets, statically decoupled payments are not likely to influence a farm's capital stock. However, in the presence of capital market imperfections such as binding constraints, decoupled payments may have the effect of stimulating farm investments, which will carry their output effects into future years. The literature on this topic has been very scarce. The papers by Sckokai (2005) and Coyle (2005) constitute two notable exceptions. Following the modern theory on investment under uncertainty (Dixit and Pindyck 1994) , which recognizes the importance of uncertainties related to future market conditions in the decision to invest, Sckokai (2005) not only assesses the dynamic investment effects, but also allows for some degree of uncertainty affecting production and investment decision choices. Our model builds upon the framework proposed by Sckokai (2005) .
In line with the typical classical dynamic setting, the incipient literature on the effects of decoupling on investment decisions has assumed convex investment costs that allow quasi-fixed inputs to adjust smoothly over time to their optimal level, where the shadow value of capital equals its marginal adjustment costs (Lucas, 1967; Rothschild, 1971) .
Irregularities in the adjustment cost function however, may prevent firms from adjusting to changing market conditions. Following Abel and Eberly (1994) and extending previous literature on decoupling, we allow for these irregularities by specifying threshold-type behavior. The theoretical model, which also allows for some degree of uncertainty and risk preferences is estimated using the threshold regression procedure proposed by Hansen (1999) .
Our empirical analysis focuses on assessing the impacts of the extensive reform that the US farm policy underwent in 1996. The reform was embodied in the 1996 Federal Agriculture Improvement and Reform (FAIR) Act and involved a reduction in the coupled element of income support. Price supports were cut and the negative effects of price changes on farmers' incomes were compensated by production flexibility contract (PFC) payments that did not require the production of certain crops and were not linked to actual production or prices, and by a deficiency payment that guaranteed a minimum support price for program crops. Our objective is to determine the dynamic investment effects of PFC payments using farm-level data from the Kansas Farm Management Association dataset.
The Model and Estimation Methods
We focus on the dynamic intertemporal duality theory due to McLaren and Cooper (1980) and Epstein (1981) . The literature that studies agricultural investment decisions under a dynamic framework has generally imposed rather restrictive assumptions on risk and risk preferences. Some analyses have completely ignored risk and attitudes towards risk (for example, Epstein and Denny, 1983; Vasavada and Chambers, 1986) . More recent developments have allowed for nonstatic price expectations and risk though assuming risk neutral economic agents (see Luh and Stefanou, 1996; and Pietola and Myers, 2000 (Sckokai, 2005; Howard and Shumway, 1998) .
Under the assumption that farmers are risk averse and take their decisions with the aim of maximizing the discounted utility over an infinite horizon, subject to the transition equation for capital, the value of the firm can be represented as:
k is the time derivative of the capital path and r is the interest rate. The HamiltonJacobi-Bellman equation corresponding to the optimization program is:
where the subscripts denote derivatives. The first derivatives of expression (3) with respect to output and input prices will yield the system of first-order conditions The system of equations in (4) investigates investment and disinvestment decisions in a typical classical dynamic setting. The classical theory of investment assumes that the cost of investment can be represented by a strictly convex function that allows quasi-fixed inputs to adjust smoothly over time to their optimal level (Lucas, 1967; Rothschild, 1971) .
Irregularities in the adjustment cost function however, may prevent firms from adapting to changing market conditions.
Considering these irregularities, Abel and Eberly (1994) propose an augmented adjustment cost function that allows for differences between the purchase and resale asset prices, asymmetries in fixed capital adjustment costs, and a kink of the conventional adjustment cost function at its origin. Within this framework, capital investment is a nondecreasing function of the asset's shadow price ( k J ). However, it does follow a thresholdtype behavior characterized by a lower and an upper critical values of the shadow price.
Optimal gross investment is expected to be positive (negative) for shadow prices above (below) the upper (lower) threshold. For shadow prices in the range comprised between the two thresholds, capital may not adjust (or may adjust more slowly) to exogenous shocks.
Boetel, Hoffmann and Liu (2007) have used a threshold regression procedure to empirically implement Abel and Eberly (1994) theoretical proposal. More specifically, they estimate the system of first-order conditions in two steps. In a first stage the investment demand is estimated following the method proposed by Hansen (1996 Hansen ( , 1999 Hansen ( , 2000 . The output supply and variable input demand equations are estimated in a second stage by seemingly unrelated regressions (SUR) method.
Because output supply is a function of different inputs including the capital stock, nonlinearities in capital adjustment to its long-run equilibrium may be easily translated to the output supply and variable input demand equations. For example, output supply may experience quicker adjustments in those regimes where capital adjusts at a fast path than in those regimes where capital stock is more constant. Consistent with this argument, we allow for the threshold-type behavior in all equations of the system of first order conditions.
Further, we estimate the system simultaneously to avoid inefficiencies in the estimation process. In doing so, we extend and improve Boetel, Hoffman and Liu (2007) empirical approach.
From (4) one can derive an empirical counterpart for the output supply and input demand equations by assigning a mathematical specification to function J . This however will result in a nonlinear system of equations that would render the implementation of threshold regression methods too difficult. These methods generally assume that while a variable adjusts differently (nonlinearly) across regimes, it follows a linear adjustment within each regime. We thus estimate a reduced-form of the equations of the system. In this reduced-form, the optimal output supply and input demand equations are expressed as:
where g is the vector of decision variables being analyzed and x is the vector of explanatory variables. According to the theoretical model above, vector x is assumed to be composed by A , p,w,c,S , ,k . The econometric methods that we follow to estimate the system in (5) are described in Hansen (1996 Hansen ( , 1999 Hansen ( , 2000 . More specifically, we use sequential conditional iterated SUR in two steps. In the first stage a grid search is carried out to estimate the threshold In the second stage of the estimation process, the least squares estimate of ( )
is obtained by minimizing function ( ) l u k k S J ,J , which is equivalent to maximizing a likelihood function (Hansen and Seo, 2002) 
To test for the significance of the differences in parameters across regimes, we use the likelihood ratio proposed by Hansen (1999) . Since this test does not follow a standard distribution, its value is compared against the critical values derived from the bootstrap procedure outlined in Hansen (1996) . Confidence intervals for the threshold parameters are derived as in Hansen (1999) .
Empirical Implementation
The model is estimated using farm-level data for a sample of Kansas farms observed from Our analysis concentrates on those farms specialized in the production of the most relevant crops in Kansas, i.e., wheat, corn, grain sorghum and soybeans. In this regard, we only consider those farms whose sales of the four crops represent at least 80% of total sales.
We define a single output category ( y ) that aggregates the production (in bushels) of wheat, corn, grain sorghum, and soybeans. Because our database does not explicitly contain information on market prices, we use price indices as a proxy. Specifically, we build an output Paasche price index by using state-level production data and state-level prices. The expected output price is made equal to the lagged price index.
The aggregate variable input includes the use of pesticides and insecticides, fertilizer, seed, gas-fuel-oil, and irrigation energy. The input price w is measured using a national aggregate input price index. Variable input level, x , is defined as an implicit quantity index.
Capital is aggregated into a single variable k incorporating vehicles, machinery and buildings. By using real estate and machinery price indices, 2 a quantity index of available capital is derived. The rental price for capital is computed by assuming that the current asset price can be derived as a continuously discounted sum of all future rents on the depreciated asset (see Epstein and Denny, 1983; and Pietola and Myers, 2000) . According to this assumption, the rental price of capital can be computed as
, where c is the rental price, r is the interest rate corresponding to the annual federal funds interest rate, δ is the capital depreciation rate which is computed at the data means, and z is the capital price index.
The Kansas database does not register PFC government payments. In its place, a single measure including all government payments received by each farm is available. We Initial wealth 0 A is computed as the lagged value of a farm's total assets (excluding the lagged capital stock already measured by k ). The standard deviation of wealth A σ is approximated at the farm-level by the standard deviation of a farm's sales. The value of the net farm income is computed as the difference between the value of farm production and operating expenses and depreciation. Its lagged value is taken as the threshold variable. The system of first order conditions is estimated as described above.
Some details pertaining to the empirical estimation are described here. Following Boetel, Hoffmann and Liu (2007) and to conserve degrees of freedom, we allow only the parameters associated with the lagged stock of capital to vary across the three regimes.
Second, all prices are normalized by the capital rental price in the interest of parsimony.
Finally, the variance of wealth is normalized by the square of the difference between farm's assets and liabilities in the system in (4). proposed by Hansen (1999) which allows to comfortably reject the null.
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The regression slope parameter estimates and their standard errors are also offered in table 1. As noted above, we allow for one regime-dependent variable, the lagged stock of capital. The regime-varying coefficients in the investment demand equation take values comprised between -1 and 0, implying that capital adjusts to its long-run equilibrium. These coefficients are all statistically significant and differ across regimes. The lowest value corresponds to the central regime, while the highest is associated to the low income regime.
This involves, as expected, that capital is adjusted at a higher speed when the lagged net farm income is more extreme than when it takes intermediate values.
The regime-dependent coefficients in the output supply equation are also statistically significant and suggest that increases in output as a response to an increase in capital stock are bigger in the higher income regimes where capital levels are higher. On the contrary, in the most unfavorable regime where capital levels are lower, increases in capital stock exert the smallest impact on output levels. This suggests increasing returns to capital stock. Finally, the variable input demand seems to increase faster with increasing capital levels as the economic conditions improve.
With regards to the regime-independent variables, a majority of coefficients are statistically significant and have the expected sign. The positive coefficient on the expected output price in all three equations suggests that an increase in the profitability of production causes an increase to both (variable and quasi-fixed) input demand and output supply. Our results suggest that changes in market interest rates do not exert statistically significant impacts on production decisions.
Of interest is the coefficient on decoupled payments, which is positive and statistically different from zero in all three equations. As noted above, decoupled payments can impact production levels through risk effects and also through dynamic effects. The coefficient on initial wealth, which is positive in all three equations, suggests the importance of risk effects. It is widely accepted that an agent's degree of risk aversion decreases with wealth (Sandmo, 1971; Hennessy, 1998) . Hence, wealthier farmers, in being less risk averse, are likely to be more prone to expand their business size. In that decoupled payments contribute to enhance wealth, they will also lead to increasing output supply and input demand. Dynamic effects of payments should be relevant as lump sum transfers motivate capital investments. This hypothesis is confirmed below with the computation of the elasticities of output and inputs with respect to policy instruments. The coefficients on the variance of sales have the expected negative sign, but are not statistically significant.
In order to have a better gasp of the workings of the output supply/input demand system and to better assess the impacts of policy reform, we determine the sensitivity of the decision variables with respect to decoupled payments and for comparison purposes, output prices. As in Boetel, Hoffmann and Liu (2007) , ours is a dynamic recursive system due to the inclusion of the lagged stock of capital as an explanatory variable. The elasticities are derived at the data means for all three regimes for different lengths of run. More specifically, to derive the base-scenario, the system of equations is solved forcing the solution to be in each regime alternatively and holding the explanatory variables at their mean levels. Once we have the regime-dependent solution, we increase decoupled payments by 5% and the solution to the system is re-computed. A comparison of the quantities in the base scenario with those derived after the shock allow to compute the elasticities for different time periods. The same operation is repeated to assess the impacts of a shock to output prices. Results are presented in tables 2 and 3.
With the exception of the output price elasticity in the long-run, empirical results
show that both price and payment elasticities are inelastic both in the short and long-run.
Payment elasticities are found to be small relative to price elasticities, a result which is compatible with previous research (Hennessy 1998; Sckokai, 2005; Serra et al., 2006) . For example, after 10 years of a permanent 5% increase in output prices, all decision variables increase between 4.4% and 5.3%. However, a permanent 5% increase in decoupled payments is only capable of stimulating an increase in capital stock of around 1% and an increase in output supply and variable input demand between 1.9% and 3.0%. The differences between the effects of a price and a payment shock become more relevant over time, suggesting that output price dynamic effects are more powerful than payment effects.
It is also noteworthy that while payment impacts are small relative to the price impacts, they are higher than the ones reported by previous analyses that have ignored the dynamic investment response (see Serra et al., 2006; Moro and Sckokai, 1999) . Both payment and price elasticities increase over time as a result of the dynamic effects. Price elasticities experience considerable increases within the ten-year period studied (investment demand elasticities increase sixfold, while output supply and variable input demand elasticities experience increases between 50-100%). Investment demand payment elasticities experience similar increases as price elasticities. Output and variable input payment elasticities experience milder but worth mentioning increases.
Capital stock elasticities suggest that adjustment is quicker for the extreme regimes than for the central one. This result is compatible with parameter estimates presented in table 1 and with findings in Boetel, Hoffmann and Liu (2007) .
Concluding remarks
This paper assesses the impacts of decoupled government transfers on production decisions of a sample of Kansas farms observed from 1996 to 2001. Our model allows for risk, risk attitudes and the intertemporal investment decisions. We also allow for different adjustments of the decision variables depending on the predominant economic conditions. In each period, farmers are assumed to simultaneously choose the dynamics of the stock of capital, output levels and variable input demand. The theoretical model is estimated using the threshold regression methods proposed by Hansen (1999) . Threshold effects are allowed to characterize the behavior of output supply and quasi-fixed and variable input demand.
The econometric results support the existence of three regimes characterized by different economic behavior. A first group includes firms receiving a low return to unpaid labor, management and equity, firms receiving an intermediate income belong to the second group, being the third group composed by firms receiving the highest income. Firms in the central regime have the slowest capital adjustments, while those in the more extreme ones adjust capital stock at a quicker rate.
In order to determine the impacts of decoupled payments on production decisions, we compute the elasticities of the decision variables with respect to these payments and, for comparison purposes, output prices. Our analysis suggests that in a dynamic setting with risk and non-risk neutral economic agents, decoupled transfers can have a powerful influence on decisions taken by economic agents. The dynamics of the stock of capital cause this influence to grow over time.
Compatible with previous research, the impacts of subsidies on output levels and input use are found to be considerably smaller than the effect of output prices. Interestingly, these differences are found to increase over time, suggesting that prices have stronger dynamic effects than payments. It is also noteworthy that while payment impacts are small relative to the price impacts, they are higher than the ones reported by previous analyses that have ignored the dynamic investment response (see Serra et al., 2006; Moro and Sckokai, 1999) . 
